Introduction
Fruit production is an important branch of horticulture because fruits have been used not only for nutrition but also to meet personal and social needs. They also include many phytochemicals that are important for human health (Ercisli et al., 2008a) .
Apricot is one of the fruits consumed abundantly for its nutritional value and benefits for human health. In addition to being consumed as a fresh fruit, it is also used as a dried fruit and it is processed in different forms (Altindag et al., 2006; Özdoğru et al., 2015) . The world apricot production is approximately 3.8 ×10 6 t, of which 730 t are produced in Turkey. In addition to fresh consumption, most of the apricot is dried and exported (http://www.fao.org/faostat). Malatya has a large share in the production of fresh and dry apricots, and the most important variety grown in this province is the Hacıhaliloğlu cultivar (Ercisli, 2009) .
The contribution of variety (genetic background) to fruit yield and standard fruit production in modern fruit orchards is an accepted and well-known fact (Ercisli et al., 2008b (Ercisli et al., , 2011 . However, it is also known that rootstock affects the ability to adapt to different climatic and soil conditions, the yield and quality of fruit (Son and Küden, 2003; Şahiner et al., 2013) , the vegetative development (Egea et al., 1991; Milosevic et al., 2011) , and resistance to some stress conditions such as salt, drought, and frost (Arıcı, 2008) . Errea et al. (1994) reported that phenolic compounds varied among rootstocks in their study using nine apricot rootstocks. Some researchers reported that the intake of macro-and micronutrients differed according to different apricot rootstocks (Uğur and Kargı, 2017) .
The use of seedling rootstock in fruit growing has decreased gradually due to its negative effects on production and quality. These rootstocks are now replaced by clonal rootstocks in modern fruit orchards (Küden, 1993) . The negative effects of apricot seedling rootstock on heavy soils also reduce their use. As a result of the breeding works carried out in recent years, these rootstocks have been replaced with plum clonal rootstocks, especially due to their adaptation to different climatic and soil conditions and their ability to develop dwarf growing habits (Uğur and Kargı, 2018) . The plum rootstocks widely used in Turkey are Myrobolan, Pixy, Marianna, Adesoto, and Pollizo (Uğur and Kargı, 2017) .
Apricot is important for human health because it is a fruit rich in mineral substances. Its fruit and seeds are known to be rich in potassium, magnesium, and calcium (Muradoğlu et al. 2011) . It is also emphasized by researchers that it has rich content in terms of organic acids, sugars, and phenolic compounds (Ali et al., 2011) . These components are important for human health and change depending on factors such as variety, rootstock, and climate. Therefore, the rootstock to use should be chosen carefully in order to increase fruit quality in apricot production, which is important in terms of world and Turkish markets. In this study, phytochemical properties that affect fruit quality in the Hacıhaliloğlu cultivar on different grafted rootstocks were investigated.
Material and methods

Plant materials
Five apricot rootstocks (Myrobolan 29-C, Myrobolan GF-31, Marianna 2624, Pixy, and Tokaloğlu) were used in the study, which are grown in the Malatya Fruit Research Institute's National Apricot Genetics Resources Plot. All trees were 8 years old and found 1050 m a.s.l. at 38°49′N, 37°56′E. All rootstocks were planted at 5 × 4 m row spacing and intrarow spacing in single-crop orchards. Drip irrigation with 15-day intervals was employed for irrigated farming conditions. Experiments were conducted in randomized blocks design with 4 replications with 5 plants in each replication. Fruits of the Hacıhaliloğlu cultivar grafted onto five different rootstocks were harvested in the commercial maturity period (fully orange ripe stage) and quickly transferred to the laboratory. Then fruits were cut into small pieces, frozen in liquid nitrogen, and stored at -80 °C for subsequent analysis.
Chemicals
In the present study, chemicals with analytical purity were used. Organic acid standards (citric acid, malic acid, succinic acid, fumaric acid, and tartaric acid), phenolic acid standards (gallic, catechin, caffeic, chlorogenic, o-coumaric, p-coumaric, ferulic, phloridzin, syringic, routine, protocatechuic, and ellagic) , sugar standards (glucose, fructose, and sucrose), and vitamin C standards (L-ascorbic acid) were obtained from Sigma Aldrich (St. Louis, MO, USA). The other chemicals were obtained from Merck (Darmstadt, Germany).
Extraction and determination of phenolic compounds
The phenolic compounds were determined using the HPLC separation method described by RodriguezDelgado et al. (2001) . About 100 g of samples was fragmented and 5 g from each sample was transferred to centrifuge tubes. The samples were mixed homogeneously and then diluted 1:1 with distilled water and centrifuged at 15,000 × g for 15 min. The supernatant was passed through a 0.45 µm membrane filter (Millipore Millex-HV Hydrophilic PVDF, Millipore, USA), then injected into an HPLC system (gradient). The chromatographic separation in the Agilent 1100 series HPLC instrument took place in a DAD detector (Agilent, USA) with 250 mm × 4.6 mm, 4 µm ODS column (HiChrom, USA). The following solvents in water with a flow rate of 1 mL/min and 20 µL injection volume were used for spectral measurements at 254 and 280 nm: as mobile phase solvent A, methanol-acetic acidwater (10:2:88), and solvent B, methanol-acetic acidwater (90:2:8).
Extraction and determination of organic acids
For organic acid extraction, the method by Bevilacqua and Califano (1989) was modified. About 200 g of samples was fragmented and 10 g from each sample was transferred to centrifuge tubes. Then 10 mL of 0.009 N H 2 SO 4 was added to the samples and the samples were homogenized with the Heidolph Silent Crusher M (Germany). Samples were then mixed for 1 h with a shaker (Heidolph Unimax 1010) and centrifuged at 14,000 rpm for 15 min. The supernatant was passed through coarse filter paper, then twice through a 0.45 µm membrane filter (Millipore Millex-HV Hydrophilic PVDF), and finally the SEP-PAK C18 cartridge. The concentration of organic acids was determined by HPLC using an Aminex column (HPX-87H, 300 mm × 7.8 mm, Bio-Rad, USA) fitted on an Agilent 1100 series HPLC G 1322 A (Germany) (Bevilacqua and Califano, 1989) . Organic acids were detected at 214 and 280 nm wavelengths. As the mobile phase, 0.009 N H 2 SO 4 was passed through a 0.45 µm filter membrane.
Extraction and determination of sugars
Samples were prepared according to the method described by Melgarejo et al. (2000) with minor modifications. Briefly, samples of 10 g of fruit were centrifuged at 12,000 rpm for 2 min at 4 °C. Then the supernatant was filtrated with SEP-PAK C18 cartridges and transferred into a vial and used for analysis. Analysis of sugars was performed by HPLC (isocratic program) with a µbondapak-NH 2 column and refractive index (RI) detector using 85% acetonitrile as the mobile phase. The calculation of concentrations was based on standards prepared in the laboratory.
Extraction and determination of total antioxidant activity
For the standard Trolox equivalent antioxidant capacity (TEAC) assay, TEAC extract was prepared: ABTS was dissolved in acetate buffer and prepared with potassium persulfate, as described by Rice-Evans et al. (1995) and Ozgen et al. (2006) . The mixture was diluted in an acidic medium of 20 mM sodium acetate buffer (pH 4.5) to an absorbance of 0.700 ± 0.01 at 734 nm for longer stability (Ozgen et al., 2006) . For the spectrophotometric assay, 3 mL of the ABTS + solution and 20 µL of fruit extract were mixed and incubated for 10 min and the absorbance was determined at 734 nm after 6 min from mixing.
Extraction and determination of ascorbic acid (vitamin C)
Ascorbic acid content was determined following the modified HPLC (isocratic program) (Agilent 1100 series HPLC G 1322 A, Germany) analytical procedure outlined by Cemeroğlu (2007) . A sample of 5 g was transferred to a 50 mL volumetric flask including 10 mL of 6% (w/v) metaphosphoric acid (Sigma, M6285, 33.5%). The sample was then homogenized at 24,000 rpm for 15 s and centrifuged at 14,000 rpm for 10 min at 1 °C. Five milliliters of the supernatant was filtered through 0.45 µm PTFE syringe filters (Phenomenex, UK) and placed in an ambercolored vial (AIM, screw vial, SV-15A). Quantification of ascorbic acid was made by an external standard method using an L-ascorbic acid standard (Sigma A5960). Samples were separated on a Luna C18 column (250 mm × 4.60 mm, 5 µm, from Phenomenex) at 25 °C by HPLC. The mobile phase was 25 mM KH 2 PO 4 (adjusted to pH 2.2 with phosphoric acid) with a flow rate of 1 mL min -1 . L-Ascorbic acid was detected at 254 nm. 2.8. Statistical analysis R 3.3.4 and SAS/STAT software were utilized for statistical analyses of the data. Descriptive statistics, normal distribution tests, correlation analysis, and one-way variance analysis were performed with SAS software. One-way analysis of variance was used to determine the differences between local cultivars' averages in terms of phenolic compounds, organic acids, and sugars. The Duncan test was used as a multiple comparison test to express the differences between the averages. In R software, principal component analysis was used for all variables with the ggplot2 and factoextra packages (package ggplot 2, 2016, https://cran.r-project.org/web/packages/ggplot2/ ggplot2.pdf; package factoextra, 2017, https://cran.rproject.org/web/packages/factoextra/factoextra.pdf).
Results and discussion
Sugar, organic acids, vitamin C, total antioxidant capacity, and phenolic compounds were identified in the cultivar grafted onto five different rootstocks (Tables 1-3) . For all properties, the differences between rootstocks were statistically significant (P < 0.05). As seen in Table 1 , sucrose was identified to be dominant, whereas fructose was recorded at the lowest level. The highest sugar content was measured in fruits of Pixy rootstock but the lowest was obtained from Myrobolan 29-C. It was determined that Pixy possessed the highest sucrose (24.178 mg 100 g -1 ) and glucose levels. A positive correlation was observed between glucose and sucrose. However, there was opposite correlation between malic acid and both sucrose and glucose. A similar opposite relationship was found between both fructose and fumaric acid and TEAC value (antioxidant capacity) (Figure 1) . Akin et al. (2008) determined that the highest sugar content was sucrose (22.96 mg 100 g -1 ) in Hacıhaliloğlu. Their results showed that glucose level was higher than sucrose level. In another study, Bae et al. (2014) revealed that the sugar contents were recorded as follows: glucose > fructose > sucrose. They also found positive correlations between sucrose and glucose. On the other hand, the highest sugar was measured as sucrose (3.68%-5.22%) by Roussos et al. (2011) and also as sucrose (47.1%) by Drogoudi et al. (2008) . Although there are many studies investigating the effect of rootstocks on vegetative development, the number of studies investigating the effect on fruits is low. Our results are compatible with those of Roussos et al. (2011) and Drogoudi et al. (2008) , although they are not compatible with those of Akin et al. (2008) and Bae et al. (2014) . However, the positive relationship between glucose and sucrose in our research was also confirmed by Bae et al. (2014) .
There was a difference between rootstocks in terms of vitamin C and TEAC values. Vitamin C content ranged from 33.169 to 68.832 mg 100 g -1 and the highest level was obtained on Myrobolan GF-31 rootstock ( Figure  2 ). It was determined that Tokaloğlu rootstock had the highest TEAC (13.887 mg 100 g -1 ), but the lowest TEAC level was recorded as 6.249 mg 100 g -1 in Pixy (Table  1) . Vitamin C content also increased as TEAC level increased because a positive correlation existed between them. A linear correlation between TEAC and fumaric acid was also observed. Milosevic et al. (2015) compared five cultivars on two rootstocks. They revealed that total antioxidant capacity ranged from 14.28 to 47.23 mg AA g -1 in Myrobolan and from 11.23 to 44.48 mg AA g -1 in Blackthorn inter-stem. Some researchers revealed that fruit of Myrobolan 29-C had more total antioxidant capacity than fruit of apricot seedling (Bartolini et al., 2014) . Vitamin C content was recorded as 37.7 mg 100 g -1 in Hacıhaliloğlu and as 45.8 mg 100 g -1 in Tokaloğlu by some researchers (Akin et al., 2008) . In a study conducted on antioxidant capacity in 29 different apricot cultivars, Drogoudi et al. (2008) measured total antioxidant capacity as 0.049 (Nefele) to 1.858 (Nike) mg ascorbic acid g -1 . Our contents of total antioxidant capacity were higher than those of Drogoudi et al. (2008) and lower when compared to Milosevic et al. (2015) . We think that the reason for the difference between these studies is the method used. Vitamin C content was about the same as in the study of Akin et al. (2008) . However, it should not be ignored that they used only one cultivar in their study.
When rootstocks were compared for organic acids, the best apricot rootstock was Myrobolan GF-31 (Table 2; Figure 3 ). The organic acid contents were recorded as follows: malic > citric > tartaric > succinic > fumaric. The amount of malic acid was recorded as 90-100 times higher than fumaric content. The fruits of Myrobolan GF-31 and Myrobolan 29-C rootstocks had the statistically highest value of three organic acids. It was found that statistically the Tokaloğlu rootstock had the highest malic and citric acid content at 1030.730 and 865.766 mg 100 g -1 , respectively, but the lowest succinic and tartaric acid levels were recorded in this rootstock. Pixy and Marianna 2624 rootstocks were determined to have average contents. The highest succinic, tartaric, and citric acid contents were measured in the cultivar grafted on Myrobolan GF-31 at 10.239, 47.945, and 879.938 mg 100 g -1 , respectively (Table 2) . No relationship was found between malic acid and other acids, and a negative correlation was observed between this acid and glucose and sucrose. However, succinic acid content increased as the tartaric level increased because there was a positive correlation between them. As previously mentioned, a linear correlation between fumaric acid and total antioxidant capacity was observed. According to Hasib et al. (2002) , citric acid was 3-4 times higher than malic acid in Moroccan apricots. Similarly, Ayour et al. (2017) reported that citric acid was higher than malic and fumaric acids in the same country. In a study conducted with the Hacıhaliloğlu cultivar, malic and citric acid contents were recorded as 1814.8 and 776.2 mg 100 g -1 (Akin et al., 2008) . In Hungary, Nemeth et al. (2011) measured citric acid as 1597.2 mg 100 g -1 in the Mandulakajszi cultivar. They also found that citric acid was the major acid. Similarly, Bae et al. (2014) determined that citric acid (1240 µg g -1 ) was higher than the other acids and fumaric acid was the lowest acid. Although our results are similar to those of the study of Akin et al. (2008) in Turkey, there are differences with other researchers. This is thought to be due to ecological factors because similar results were obtained in the same country.
As shown in Table 3 , differences were recorded between rootstocks in terms of phenolic compounds. Chlorogenic acid was identified to be dominant (219.440 mg 100 g -1 ), whereas phloridzin was recorded to be the lowest level phenolic compound. Chlorogenic acid was followed by rutin, catechin, and caffeic acid (Table 3 ). The cultivar grafted on Tokaloğlu rootstock had the highest value of six phenolic compounds (caffeic, catechin, chlorogenic, ferulic, p-coumaric, protocatechuic). It was found that Pixy rootstock had the highest content of four phenolic compounds. However, Myrobolan GF-31 rootstock was observed to have the lowest level of seven phenolic compounds. Therefore, Tokaloğlu and Pixy rootstocks were identified to come to prominence in terms of phenolic compounds (Figure 4) . Chlorogenic acid content ranged from 125.790 (Pixy) to 219.440 mg 100 g -1 (Myrobolan GF-31). The highest gallic acid level was recorded as 2.545 mg 100 g -1 in the grafted variety on Marianna 2624 while the highest phloridzin level was obtained from Myrobolan GF-31 (0.248 mg 100 g -1 ). It was determined that the highest caffeic and catechin content was 3.139 and 3.268 mg 100 g -1 , respectively, in Tokaloğlu rootstock. In the fruits grafted on Pixy, the highest rutin and syringic levels were measured as 5.127 and 1.462 mg 100 g -1 , respectively (Figures 5 and 6 ; Tables 3 and 4). There was a positive correlation between caffeic and protocatechuic acid; however, a negative correlation was observed between this phenolic compound and ellagic acid. Similarly, a negative relationship was found between phloridzin and o-coumaric acid. However, a linear correlation was obtained between rutin, syringic, and o-coumaric acid. Also, a positive relationship was identified between catechin, chlorogenic, ferulic, and p-coumaric acid. Some researchers concluded that total flavonoid content changes between rootstocks in dried apricots. They found that it was 100.29 mg RUE g -1 in Aleksandar on Myrobolan rootstock and 105.96 mg RUE g -1 in Aleksandar on Blackthorn inter-stem (Milosevic et al., 2015). Errea et al. (1994) investigated flavanol composition of eight rootstocks and they observed differences. They determined catechin and epicatechin as the main compounds. Moreover, they found that Myrobolan GF-31 had a higher peak in catechin while Marianna 2426 had a higher peak in epicatechin. In previous studies, it was determined that Myrobolan 29-C had the highest total phenolic content of 266 mg L -1 (Scalzo et al., 2005) and also it had more total phenolics than seedlings (Bartolini et al., 2014) . When the effect of rootstocks is examined, Tokaloğlu rootstock had the highest phenolic compounds and Myrobolan 29-C had lower phenolic compounds in our study, but Scalzo et al. (2005) identified the highest phenolic compounds in Myrobolan 29-C. When examined in terms of phenolic compounds, the major phenolic compound was catechin in the work of Errea et al. (1994) , but chlorogenic in our results. We think that there is a difference between the results because our work is more detailed compared to the others. Gundogdu et al. (2017) revealed that pyrogallol and rutin were major phenolic compounds. They found that chlorogenic acid content was 61.14 μg g -1 while rutin content was 308.51 μg g -1 in the Hacıhaliloğlu cultivar. Besides, ferulic acid content was recorded as higher than catechin by these researchers. In another study, p-coumaric acid was determined to be the lowest phenolic compound. However, the results showed that the Hacıhaliloğlu cultivar had the highest p-coumaric acid content among cultivars (Kan and Bostan, 2010) . In a study conducted on phytochemicals of different apricot cultivars, researchers determined that rutin was the major (Roussos et al., 2011 ). In conclusion, phytochemical properties were investigated in fruits of a cultivar on different grafted rootstocks and differences were recorded statistically. The highest phenolic compound and total antioxidant capacity was recorded in Tokaloğlu, while the highest sugar content was recorded in Pixy rootstock. Myrobolan GF-31 has come to the forefront in terms of organic acid. Turkey is one of the world leaders in dried apricot production. The selection of rootstock affects the quality of apricot production dramatically; therefore, it should be decided carefully. Because of the highest sugar content, the rootstocks Tokaloğlu and especially Pixy should be preferred.
